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Simple Summary: The present study examined the efficacy of a transbronchial metallic coil marking
method for identifying small peripheral pulmonary lesions using cone-beam CT (CBCT) in a hybrid
operating room. This technique enables accurate localization and resection of deeply located lesions.
The procedure involved inserting an ultrathin bronchoscope under virtual navigation, placing the
coil via CBCT, and performing wedge resection through video-assisted thoracoscopic surgery under
fluorescence guidance. In total, 87 patients with 90 lesions, primarily small (median size 11 mm),
were included. All lesions were successfully visualized and marked, with a median distance from
lesions to coils of 3.6 mm and a marking time of 23.5 min. No complications arose during the marking
procedure, demonstrating that CBCT is a viable alternative for identifying peripheral lung lesions

while ensuring minimally invasive treatment under general anesthesia.

Abstract: Background/Objectives: Computed tomography (CT)-guided transbronchial metallic coil
marking is useful for identifying the locations of small peripheral pulmonary lesions. Even deeply
located lesions may be accurately identified and resected with adequate margins. This method is
also applicable to multiple lesions. The present study examined the efficacy of our marking method
using cone-beam CT (CBCT) under general anesthesia in a hybrid operation room. Methods: In the
hybrid operation room, an ultrathin bronchoscope was inserted into the objective bronchus under
virtual bronchoscopic navigation, and a metallic coil was installed under CBCT guidance. The lesion
was then resected with wedge resection by single- or 3-port video-assisted thoracoscopic surgery
under fluorescence guidance. Eighty-seven patients with 90 lesions were treated between October
2016 and December 2022. The median lesion size was 11 mm and the median distance from the
pleural surface was 8.7 mm. Lesions comprised 19 pure ground-glass nodule (GGN), 35 partly solid,
and 36 solid types. Results: All lesions were visualized by CBCT, and metallic coils were installed
into the objective bronchi. The median distance from lesions to coils was 3.6 mm, and the median
marking time was 23.5 min. All lesions were resected with sufficient margins. In total, 57 lesions were
diagnosed as primary lung cancer, 26 as metastatic lung tumors, 3 as nodular lymphoid hyperplasia,
and 4 as others. There were no complications associated with the marking procedure. Conclusions:
CBCT represents an alternative modality for identifying peripheral lung lesions due to its ability to
visualize even small GGNs. It is a minimally invasive technique because the treatment sequence
is completed under general anesthesia with the same quality as previous methods performed in a
CT-equipped interventional radiology suite.

Keywords: bronchoscopy; metallic coil; cone-beam computed tomography; small peripheral
pulmonary lesion; image-guided video assisted thoracic surgery; hybrid operation room
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1. Introduction

With improvements in the performance of computed tomography (CT) scanners,
smaller peripheral lung lesions are now detectable. In addition, low-dose CT screening
has recently contributed to reductions in lung cancer deaths [1,2]. This social background
suggests that the number of small peripheral lung lesions requiring a pathological diagnosis
will continue to increase. It remains challenging to identify small pulmonary lesions
intraoperatively and perform precise resection. Various marking methods have been
applied to cases in which it is difficult to identify the location of a lesion by a visual
inspection or palpation during surgery [3].

We previously reported a method involving transbronchial metallic coil marking
followed by video-assisted thoracoscopic surgery (VATS) resection [4,5]. This method is
useful for identifying deeply located lesions and ensuring sufficient margins. Its advantages
include the ability to select resection margins in segmentectomy and wedge resection for
multiple lesions, its safety, and the low risk of complications. However, previous methods
required patients to undergo the bronchoscopic marking procedure under local anesthesia
in a CT-equipped interventional radiology suite several days before surgery [4,5].

Minimally invasive surgery has recently been performed under image guidance in a
hybrid operating room (HOR). Imaging in an HOR is also applied to the intraoperative
identification of small peripheral lung lesions [6-9]. Since October 2016, our hospital has
been equipped with an HOR that utilizes cone-beam CT (CBCT), allowing us to perform
transbronchial metallic coil marking in a one-stop manner. Therefore, patients may now
undergo a full range of procedures, from marking to lung resection, under general anesthesia.

The present study investigated the results of transbronchial metallic coil marking
using imaging techniques including CBCT in an HOR.

2. Materials and Methods
2.1. Eligibility

Indications for transbronchial metallic coil marking include (i) peripheral pulmonary
lesions measuring <10 mm that are scheduled for VATS wedge resection, (ii) peripheral
pulmonary nodules located up to 30 mm from the pleural surface, and (iii) ground-glass
nodules (GGNs) without pleural changes. Segmentectomy was adopted for lesions located
relatively deep and where securing margins was expected to be difficult. This method may
not be applicable to patients whose bronchi do not reach the vicinity of the target lesion
because of the difficulties associated with placing the coil at the appropriate site. Therefore,
the relationship between bronchi and the target lesion needs to be carefully confirmed on
preoperative multi-detector CT (MDCT) images. However, during the study period, few
cases were excluded for the aforementioned reason. This clinical trial was approved by
the Committee for Medical Ethics of Tokushima University Hospital (No. 3672). After
obtaining informed consent, 87 patients underwent transbronchial metallic coil marking
for 90 lesions between October 2016 and December 2022.

2.2. Patients

Patients consisted of 39 males and 48 females, with a median age of 71 (interquartile
range [IQR] 63-76) years. No lesions were histologically diagnosed preoperatively. Eighty-
four patients had solitary lesions, and three had 2 lesions. The median tumor size was
11 (IQR: 8-15) mm. The median distance from the tumor to the pleural surface was 8.7
(IQR: 4-15) mm. A total of 29 lesions were located in the right upper lobe, 4 in the right
middle lobe, 18 in the right lower lobe, 22 in the left upper lobe, and 17 in the left lower
lobe. Lesions consisted of 19 pure GGN, 35 partly solid, and 36 solid types (Table 1).
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Table 1. Characteristics of patients.

No. of patients (lesions) 87 (90)
Gender

Male 39

Female 48
Age, median (IQR) 71 (63-76)
Lesion size, median (IQR) (mm) 11 (8-15)
Distance from lesion to pleura, median (IQR) (mm) 8.7 (4-15)
Location

RUL/RML/RLL 29/4/18

LUL/LLL 22/17
Type of lesion

Pure GGN 19

Part-solid GGN 35

Solid 36

RUL: Right upper lobe, RML: right middle lobe, RLL: right lower lobe, LUL: left upper lobe, LLL: left lower lobe,
GGN ground-glass nodule.

2.3. Virtual Bronchoscopic Navigation

VBN systems were used to lead the tip of the bronchoscope to the nearest bronchus
from the target lesion. Chest CT was performed with an MDCT scan (Aquilion; Toshiba
Medical Systems, Tokyo, Japan) with the following parameters: collimation of 0.5 mm,
4 detectors, pitch of 5 to 7, and a rotation time of 0.5 s. Data were converted to DICOM data
and VBN images were reconstructed with Bf-NAVI software;https:/ /www.olympus.co.jp/
jp/news/2008a/nr080612bfnavij.html; accessed on 1 November 2024 (Olympus Medical
Systems, Tokyo, Japan) or SYNAPSE VINCENT bronchoscopic navigation-dedicated soft-
ware; https:/ /www.fujifilm.com /jp/ja/healthcare /healthcare-it/it-3d / vincent; accessed
on 1 November 2024 (Fujifilm Medical, Tokyo, Japan).

2.4. Bronchoscopic Metallic Coil Marking Procedure

The bronchoscopic marking procedure was performed in an HOR (Figure 1) consisting
of an X-ray angiography imaging system and surgical table (Alpheid Hybrid+, INFX-8000H;
Canon Medical Systems Corporation, Tochigi, Japan). This system enabled CBCT imaging.
Patients were intubated with a single-lumen tube in the supine position, and general
anesthesia was induced. Because the movement of the bronchoscope is sometimes restricted
through a double-lumen tube and it cannot reach the target bronchus, we prefer to use
a single-lumen tube during the marking procedures. The patient’s upper limbs were
positioned along the trunk, and the C-arm was carefully adjusted to avoid contact with the
patient’s body during C-arm rotation. The first CBCT scan was taken by rotating the C-arm
to confirm the visibility of the lesion. To obtain clear CBCT images, airway pressure was
maintained at 20 mmHg during C-arm rotation. CBCT scans were performed witha 5 s
acquisition protocol. Cross-sectional images in 3 planes (vertical, frontal, and sagittal) were
reconstructed automatically on a dedicated workstation, and images were displayed on a
monitor in front of the examiners.

After an ultrathin video-bronchoscope (type XP260F; Olympus, Tokyo, Japan) was inserted
into the objective bronchus guided by VBN, a coil-feeding microcatheter (MST125/27HFR; Asahi
Intecc, Nagoya, Japan) was inserted through the bronchoscope’s working channel, and the tip
of the microcatheter was adjusted using C-arm fluoroscopy guidance. A second CBCT scan was
then taken to confirm the position of the catheter tip. The surgeon held the bronchoscope and
catheter in place only during the second CBCT scanning to confirm the position of the catheter
tip. If the catheter tip was not close to the lesion, the tip position was adjusted using CBCT
images as a reference, and an additional CBCT scan was taken if necessary:.


https://www.olympus.co.jp/jp/news/2008a/nr080612bfnavij.html
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Figure 1. Bronchoscopic marking in a hybrid operation room.

After confirming that the tip of the microcatheter reached the lesion on multi-planar
reconstructions of CBCT (axial, coronal, and sagittal), a fibered platinum coil (Boston
Scientific, Tokyo, Japan) was positioned under fluoroscopic guidance (Figure 2A). A third
CBCT image was acquired to confirm the location of the deployed metallic coil relative to
the lesion (Figure 2B,C). A 3D reconstruction of post-marking CBCT images of the lesion
and coil was displayed on a monitor in front of the surgeons (Figure 2D).

Figure 2. Transbronchial metallic coil marking. (A) A fluoroscopic image showing an ultrathin
bronchoscope and microcoil (arrowheads). (B) The coronal plane of a cone-beam CT image showing
a small pulmonary lesion and microcoil (arrowheads). (C) The axial plane of a cone-beam CT
image showing a small pulmonary lesion and microcoil (arrowheads). (D) 3D reconstruction of
post-marking CBCT images with the lesion and a microcoil (arrowheads).

2.5. VATS Resection Technique

The patient was re-intubated with a double lumen tube and placed in the left lateral
decubitus position. Pulmonary wedge resection was performed using single- or 3-port
VATS. Through fluoroscopic 2D imaging on the monitor, the location of the metallic coil
was identified. The nodule with the metallic coil was grasped with pulmonary forceps
and resected with endostaplers under fluoroscopic guidance (Figure 3A,B). Lung tissue
at which the coil was located was manipulated with the forceps as few times as possible
to reduce the risk of coil migration. The resected specimen was confirmed by fluoroscopy
to contain the coil (Figure 3C) and then cut to confirm the presence of the lesion and the
tumor-to-resection margin distance (Figure 3D). In our hospital, we aim to secure a 2 cm
margin during resection, and have determined a margin of at least 1 cm or greater than
the tumor diameter to be sufficient on a cut surface of the specimen [10-13]. In cases of
suspected primary lung cancer requiring conversion to lobectomy, intraoperative rapid
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diagnosis was performed. However, in the majority of cases, final pathologic evaluation
was performed on formalin-fixed, paraffin-embedded tissue sections.

Figure 3. Images during video-assisted thoracoscopic surgery (VATS) pulmonary wedge resection.
(A) A thoracoscopic image during VATS. (B) An intraoperative fluoroscopic image showing the
metallic coil (arrow) grasped with pulmonary forceps. (C) A fluoroscopic image showing a microcoil
(arrowhead) in a resected specimen. (D) A macroscopic image showing a microcoil (arrowhead) in a
resected specimen.

2.6. Statistical Analysis

Descriptive statistics were used to provide a summary of the study variables. Continu-
ous variables are expressed as medians and IQRs, whereas categorical data are given as
counts and percentages.

3. Results

Figure 4 shows preoperative MDCT and CBCT findings. All 90 lesions were identified
by CBCT, even small pure GGN lesions. Table 2 shows the results of coil marking, the
surgical procedure, and histology. We successfully instilled coils into the objective bronchus
in all lesions. The number of instilled coils per lesion was one in 84 cases and two in
3 cases. The median distance from the lesion to the coil was 3.6 (IQR: 0-8.2) mm. The
median time required for the marking procedure was 23.5 (IQR: 18-37) min. There were no
complications associated with the marking procedure.

T——

Figure 4. Comparison of multi-detector CT (MDCT) and cone-beam CT (CBCT) images. (A) MDCT
and (B) CBCT of a small pulmonary lesion in right S6 (arrowheads). (C) MDCT and (D) CBCT of a
small ground-glass nodule in right S10 (arrowheads).
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Table 2. Results of the CBCT-CM, surgical procedure, and histology.

Marking procedure
Instillation of coil into objective bronchi 90/90 (100%)
CBCT times, median (IQR) 3(3-4)
Time of marking, median (IQR), (min) 23.5 (18-37)
Distance between lesion and microcoil, median (IQR) (mm) 3.6 (0-8.2)
Complication 0
Accurate identification of location
Succeeded 90/90 (100%)
Time of partial resection, median (IQR) (min) 38 (28—-49)
Histology
Primary lung cancer 57
Metastatic tumor 26
Nodular lymphoid hyperplasia 3
Others (inflammation, organized pneumonia) 4

IQR: interquartile range.

All lesions were definitively identified, and wedge resection was performed with
sufficient margins in all cases during thoracoscopic surgery. The median time for partial
resection was 38 (IQR: 28-49) min.

Regarding the results of the intra-operative histological diagnosis, two cases with
solid lesions diagnosed as primary lung cancer were converted to lobectomy. In recent
years, it has been reported that segmentectomy or wedge resection can be expected to have
the same prognosis as lobectomy for primary lung cancers smaller than 2 cm, even if the
lesion is solid [14,15]; however, lobectomy was the standard for patients during the period
included in this study. Lesions were histologically diagnosed as follows: 57 as primary
lung cancer, 26 as metastatic tumors, 3 as nodular lymphoid hyperplasia, and 4 as others.
There was no locoregional recurrence (median follow-up time: 47.2 months).

4. Discussion

Metallic coil marking under bronchoscopy is a useful method for identifying small
peripheral lung lesions, even if it is changed to a one-stop method using an HOR. Patients
may now undergo the entire procedure, from marking to resection of the lesion, under
general anesthesia, thereby avoiding the discomfort of bronchoscopic procedures under
local anesthesia. Using our previous methods, in a CT-equipped interventional radiology
suite, bronchoscope marking was conducted under CT guidance, and the patient had to be
moved into the gantry with the examination table to take a CT image after the bronchoscope
and microcatheter reached the target bronchus [4,5]. In contrast, CBCT-guided procedures
from the insertion of the bronchoscope to metallic coil marking are performed without
moving the examination table or the position of the operator or assistant because the
fluoroscopic device and CBCT imaging device are the same. This seamless procedure
reduces the likelihood of accidents, such as dislocating the catheter tip, allowing for a more
stable procedure.

CBCT images display CT images in three directions immediately after capture, which
is useful for understanding the positional relationship between the lesion and the marker in
three dimensions. CBCT has been used to mark small peripheral lung lesions, including dye
injection via a percutaneous approach and dye or radiofrequency identification placement
via a transbronchial approach [16,17]. Yang et al. reported localization of small pulmonary
nodules by CBCT-guided bronchoscopy under general anesthesia followed by VATS with
HOR. In their study, microcoils were placed at the deep margins in 16 patients [18], which
was similar to our method. The resolution of CBCT is lower than that of MDCT; however,
in the present study, even small GGNs were identified in the first CBCT images obtained.
The dorsal lung is poorly aerated due to the effects of gravity and, thus, difficulties were
associated with visualizing lesions in that area. To avoid this, airway pressure was kept
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at 20 mmHg during CBCT imaging to maintain aeration of the peripheral lungs as much
as possible. Although artifacts from the bronchoscope, microcatheter, or coils sometimes
increased the difficulty of visualizing lesions, comparisons with the preoperative MDCT
provided information on the positional relationship between lung lesions and each device
in all cases. Zhao et al. reported that CBCT in hybrid surgery was useful for the precise
localization of small lung lesions [19]. Fang et al. also demonstrated the utility of CBCT in
locating GGNs and their subsequent removal by VATS [20].

The transbronchial approach has the advantage of safety. No marking-related complica-
tions were encountered in the present study. Furthermore, the transbronchial approach has a
lower risk of complications, such as pneumothorax and air embolisms, than the percutaneous
approach [4,5,9]. Pneumothorax occurs in between 9.5 and 70% of cases with the percuta-
neous approach [21-23]. Therefore, the transtracheal approach is safer, particularly when
the background lung is accompanied by emphysematous changes. Another complication
of the percutaneous approach is pulmonary parenchymal hemorrhage (16.1% to 35%). Air
embolisms are a rare and potentially fatal complication [24]. In addition, pleural seeding and
needle placement may occur as adverse events with the percutaneous approach.

In the transbronchial approach, depending on the location of the lesion and its position
relative to the bronchus, the tip of the bronchoscope may not reach the target bronchus.
However, our method uses an ultra-thin bronchoscope with an outer diameter of 2.8 mm,
which is guided by VBN, making it possible to selectively guide the tip of the bronchoscope
up to the seventh branch. Therefore, the distance between the coil and lesion was very close,
at a median of 3.6 mm, which is an important point that facilitates the precise resection of
small lesions.

The metallic coil allows for accurate and pinpoint localization, unlike liquid dyes,
which may spread to the surrounding lung parenchyma, particularly when used in em-
physematous lungs. If the dye is injected away from the pleura, it may not be visible, and
conversely, if the dye is injected just below the pleura and leaks into the pleural cavity, it
may obscure the marking site [25,26].

One of the disadvantages of this method is radiation exposure during CBCT imaging.
Although radiation exposure during CBCT was previously shown to be similar to that of
low-dose CT [27], the number of CBCT scans during this procedure needs to be minimized
in order to reduce the exposure of patients and surgeons to radiation. The use of broncho-
scope holders and x-ray radiation shielding screens also needs to be considered in order to
reduce the exposure of surgeons to radiation. Another disadvantage is the high cost of the
metallic coils and microcatheters (approximately USD 500).

The present study has some limitations that need to be addressed. This was a single-
center, retrospective study. Furthermore, our hospital has had long-term experience per-
forming this procedure in a CT-equipped interventional radiology suite, which may have
contributed to the favorable results obtained. In addition, since this study did not have a
control group, the superiority of this method over other methods cannot be demonstrated.
In this study, lymph node evaluation was not performed except for two lobectomy cases.
Solid lesions of 1 cm or more have a high frequency of lymph node metastasis, and lymph
node dissection is considered necessary [28]. On the other hand, for lesions with pre-
dominantly GGO, the frequency of lymph node metastasis is low and wedge resection is
acceptable [29]. FDG-PET/CT is also useful for imaging diagnosis of lymph node metasta-
sis [30]. In this study, most patients presented with predominant ground-glass opacities
(GGO), and many solid lesions were metastatic pulmonary tumors. Additionally, as the
study targeted cNO cases based on imaging modalities such as FDG-PET/CT, lymph node
evaluations were not performed. However, no local recurrences were observed, suggesting
that the results were acceptable.

5. Conclusions

CBCT represents an alternative modality for identifying peripheral lung lesions because
it has the ability to visualize even small GGNs. This method is a minimally invasive technique
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because the treatment sequence is completed under general anesthesia with the same quality
as previous methods performed in CT-equipped interventional radiology suites.

Author Contributions: Conceptualization, H.T. (Hiroaki Toba) and H.T. (Hiromitsu Takizawa);
methodology, H.T. (Hiroaki Toba); investigation, N.M., S.S., H.S., A.B., E.T. and A.M.; resources,
T.T.; data curation, K.F,; writing—original draft preparation, N.K.; writing—review and editing, H.T.
(Hiromitsu Takizawa); visualization, M.G.; supervision, H.T. (Hiromitsu Takizawa). All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Committee for Medical Ethics of Tokushima University Hospital in
March 2020 (No. 3672).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: The authors would like to acknowledge the support of the Surgical Center of
Tokushima University Hospital for this project.

Conflicts of Interest: The author declares no conflicts of interest.

References

1.

10.

11.

12.

13.

National Lung Screening Trial Research Team. Lung Cancer Incidence and Mortality with Extended Follow-up in the National
Lung Screening Trial. J. Thorac. Oncol. 2019, 14, 1732-1742. [CrossRef] [PubMed]

de Koning, H.J.; van der Aalst, C.M.; de Jong, P.A ; Scholten, E.T.; Nackaerts, K.; Heuvelmans, M.A.; Lammers, ].W.J.; Weenink, C.;
Yousaf-Khan, U.; Horeweg, N.; et al. Reduced lung-cancer mortality with volume CT screening in a randomized trial. N. Engl. |.
Med. 2020, 382, 503-513. [CrossRef] [PubMed]

Sato, M. Precise sublobar lung resection for small pulmonary nodules: Localization and beyond. Gen. Thorac. Cardiovasc. Surg.
2020, 68, 684—-691. [CrossRef] [PubMed]

Miyoshi, T.; Kondo, K.; Takizawa, H.; Kenzaki, K.; Fujino, H.; Sakiyama, S.; Tangoku, A. Fluoroscopy-assisted thoracoscopic
resection of pulmonary nodules after computed tomography--guided bronchoscopic metallic coil marking. J. Thorac. Cardiovasc.
Surg. 2006, 131, 704-710. [CrossRef] [PubMed]

Toba, H.; Kondo, K.; Miyoshi, T.; Kajiura, K.; Yoshida, M.; Kawakami, Y.; Takizawa, H.; Kenzaki, K.; Sakiyama, S.; Tangoku, A.
Fluoroscopy-assisted thoracoscopic resection after computed tomography-guided bronchoscopic metallic coil marking for small
peripheral pulmonary lesions. Eur. J. Cardiothorac. Surg. 2013, 44, e126—€132. [CrossRef]

Fumimoto, S.; Sato, K.; Koyama, M.; Yamamoto, K.; Narumi, Y.; Hanaoka, N.; Katsumata, T. Combined lipiodol marking and
video-assisted thoracoscopic surgery in a hybrid operating room. J. Thorac. Dis. 2018, 10, 2940-2947. [CrossRef]

Anayama, T.; Hirohashi, K.; Okada, H.; Miyazaki, R.; Kawamoto, N.; Yamamoto, M.; Orihashi, K. Simultaneous cone beam
computed tomography-guided bronchoscopic marking and video-assisted thoracoscopic wedge resection in a hybrid operating
room. Thorac. Cancer 2019, 10, 579-582. [CrossRef]

Yang, S.M.; Malwade, S.; Chung, W.Y.; Wu, W.T; Chen, L.C,; Chang, L.K.; Chang, H.C.; Chan, P.S.; Kuo, SW. Augmented
fluoroscopy-guided dye localization for small pulmonary nodules in hybrid operating room: Intrathoracic stamping versus
transbronchial marking. Int. J. Comput. Assist. Radiol. Surg. 2024, 19, 2203-2213. [CrossRef]

Gomez-Hernandez, M.T.; Rivas Duarte, C.E.; Fernandez Garcia-Hierro, ].M.; Fuentes, M.G.; Colmenares, O.; Forcada Barreda, C.;
Gomez Valle, F; Jiménez Garcia, I.; Jiménez, MLF. Intraoperative marking of pulmonary nodules in a hybrid operating room:
Electromagnetic navigation bronchoscopy versus percutaneous marking. Front. Surg. 2024, 11, 1482120. [CrossRef]

Wolf, A.S.; Swanson, S.J.; Yip, R.; Liu, B.; Tarras, E.S.; Yankelevitz, D.F.; Henschke, C.I.; Taioli, E.; Flores, RM.; I-ELCAP
Investigators. The Impact of Margins on Outcomes After Wedge Resection for Stage I Non-Small Cell Lung Cancer. Ann. Thorac.
Surg. 2017, 104, 1171-1178. [CrossRef]

Mohiuddin, K.; Haneuse, S.; Sofer, T.; Gill, R.; Jaklitsch, M.T.; Colson, Y.L.; Wee, J.; Bueno, R.; Mentzer, S.J.; Sugarbaker, D.J.;
et al. Relationship between margin distance and local recurrence among patients undergoing wedge resection for small (2 cm)
non-small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2014, 147, 1169-1175; discussion 1175-1177. [CrossRef] [PubMed]
Sawabata, N.; Maeda, H.; Matsumura, A.; Ohta, M.; Okumura, M.; Thoracic Surgery Study Group of Osaka University. Clinical
implications of the margin cytology findings and margin/tumor size ratio in patients who underwent pulmonary excision for
peripheral non-small cell lung cancer. Surg. Today 2012, 42, 238-244. [CrossRef] [PubMed]

El-Sherif, A.; Fernando, H.C.; Santos, R.; Pettiford, B.; Luketich, ].D.; Close, ] M.; Landreneau, R.]. Margin and local recurrence
after sublobar resection of non-small cell lung cancer. Ann. Surg. Oncol. 2007, 14, 2400-2405. [CrossRef] [PubMed]


https://doi.org/10.1016/j.jtho.2019.05.044
https://www.ncbi.nlm.nih.gov/pubmed/31260833
https://doi.org/10.1056/NEJMoa1911793
https://www.ncbi.nlm.nih.gov/pubmed/31995683
https://doi.org/10.1007/s11748-019-01232-1
https://www.ncbi.nlm.nih.gov/pubmed/31654291
https://doi.org/10.1016/j.jtcvs.2005.09.019
https://www.ncbi.nlm.nih.gov/pubmed/16515927
https://doi.org/10.1093/ejcts/ezt220
https://doi.org/10.21037/jtd.2018.05.28
https://doi.org/10.1111/1759-7714.12983
https://doi.org/10.1007/s11548-024-03146-7
https://doi.org/10.3389/fsurg.2024.1482120
https://doi.org/10.1016/j.athoracsur.2017.04.024
https://doi.org/10.1016/j.jtcvs.2013.11.056
https://www.ncbi.nlm.nih.gov/pubmed/24507406
https://doi.org/10.1007/s00595-011-0031-6
https://www.ncbi.nlm.nih.gov/pubmed/22072149
https://doi.org/10.1245/s10434-007-9421-9
https://www.ncbi.nlm.nih.gov/pubmed/17505859

Cancers 2024, 16, 4038 90f9

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Altorki, N.; Wang, X.; Damman, B.; Mentlick, J.; Landreneau, R.; Wigle, D.; Jones, D.R.; Conti, M.; Ashrafi, A.S.; Liberman, M.;
et al. Lobectomy, segmentectomy, or wedge resection for peripheral clinical T1aNO non-small cell lung cancer: A post hoc analysis
of CALGB 140503 (Alliance). ]. Thorac. Cardiovasc. Surg. 2024, 167, 338-347. [CrossRef]

Saji, H.; Okada, M.; Tsuboi, M.; Nakajima, R.; Suzuki, K.; Aokage, K.; Aoki, T.; Okami, J.; Yoshino, I.; Ito, H.; et al. Segmentectomy
versus lobectomy in small-sized peripheral non-small-cell lung cancer (JCOG0802/WJOG4607L): A multicentre, open-label,
phase 3, randomised, controlled, non-inferiority trial. Lancet 2022, 399, 1607-1617. [CrossRef]

Chen, B.W,; Chen, L.W,; Yang, S.M.; Lin, CK.; Ko, H.]J.; Chen, C.M. Quantitative feature analysis of CT images of transbronchial
dye markings mimicking true pulmonary ground-glass opacity lesions. Ann. Transl. Med. 2019, 7, 29. [CrossRef]

Yutaka, Y.; Sato, T.; Tanaka, S.; Miyahara, S.; Yoshizawa, A.; Morita, S.; Date, H. Feasibility study of a novel wireless localization
technique using radiofrequency identification markers for small and deeply located lung lesions. JTCVS Tech. 2022, 12, 185-195.
[CrossRef]

Yang, S.M.; Chung, W.Y.; Ko, H.J.; Chen, L.C.; Chang, L.K.; Chang, H.C.; Kuo, S.W.; Ho, M.C. Single-stage augmented fluoroscopic
bronchoscopy localization and thoracoscopic resection of small pulmonary nodules in a hybrid operating room. Eur. J. Cardiothorac.
Surg. 2022, 63, ezac541. [CrossRef]

Zhao, Z.R.; Lau, RW.; Yu, PS.; Wong, R H.; Ng, C.S. Image-guided localization of small lung nodules in video-assisted thoracic
surgery. J. Thorac. Dis. 2016, 8§ (Suppl. 59), S731-5737. [CrossRef]

Fang, H.Y.; Chao, YK.; Hsieh, M.].; Wen, C.T.; Ho, PH.; Tang, W.J.; Liu, Y.H. Image-guided video-assisted thoracoscopic surgery
for small ground glass opacities: A case series. J. Vis. Surg. 2017, 3, 142. [CrossRef]

Bommuart, S.; Bourdin, A.; Marin, G.; Berthet, ].P; Pujol, J.L.; Serre, I.; Molinari, N.; Marty-Ané, C.; Kovacsik, H. Impact of preoperative
marking coils on surgical and pathologic management of impalpable lung nodules. Ann. Thorac. Surg. 2014, 97, 414-418. [CrossRef]
[PubMed]

Shimamura, Y.; Sasaki, S.; Shimohira, M.; Ogino, H.; Yuki, D.; Nakamae, K.; Hara, M.; Shibamoto, Y. New technique of
percutaneous CT fluoroscopy-guided marking before video-assisted thoracoscopic surgery for small lung lesions: Feasibility of
using a 25-gauge needle without local anaesthesia. Br. J. Radiol. 2018, 91, 20170692. [CrossRef] [PubMed]

Mogi, A.; Yajima, T.; Tomizawa, K.; Onozato, R.; Tanaka, S.; Kuwano, H. Video-Assisted Thoracoscopic Surgery after Preoperative
CT-Guided Lipiodol Marking of Small or Impalpable Pulmonary Nodules. Ann. Thorac. Cardiovasc. Surg. 2015, 21, 435-439.
[CrossRef] [PubMed]

Sakiyama, S.; Kondo, K.; Matsuoka, H.; Yoshida, M.; Miyoshi, T.; Yoshida, S.; Monden, Y. Fatal air embolism during computed
tomography-guided pulmonary marking with a hook-type marker. J. Thorac. Cardiovasc. Surg. 2003, 126, 1207-1209. [CrossRef]
[PubMed]

Murioz-Largacha, J.A.; Ebright, M.L; Litle, V.R.; Fernando, H.C. Electromagnetic navigational bronchoscopy with dye marking
for identification of small peripheral lung nodules during minimally invasive surgical resection. J. Thorac. Dis. 2017, 9, 802-808.
[CrossRef]

Mariolo, A.V.; Vieira, T.; Stern, J.B.; Perrot, L.; Caliandro, R.; Escande, R.; Brian, E.; Grigoroiu, M.; Boddaert, G.; Gossot, D.; et al.
Electromagnetic navigation bronchoscopy localization of lung nodules for thoracoscopic resection. J. Thorac. Dis. 2021, 13, 4371-4377.
[CrossRef]

Hohenforst-Schmidt, W.; Banckwitz, R.; Zarogoulidis, P.; Vogl, T.; Darwiche, K.; Goldberg, E.; Huang, H.; Simoff, M.; Li, Q,;
Browning, R.; et al. Radiation Exposure of Patients by Cone Beam CT during Endobronchial Navigation—A Phantom Study.
J. Cancer 2014, 5, 192-202. [CrossRef]

Choi, S.; Yoon, D.W.; Shin, S.; Kim, HK.; Choi, Y.S.; Kim, J.; Shim, Y.M.; Cho, ] H. Importance of Lymph Node Evaluation in 2-cm
Pure-Solid Non-Small Cell Lung Cancer. Ann. Thorac. Surg. 2024, 117, 586-593. [CrossRef]

Suzuki, K.; Koike, T.; Asakawa, T.; Kusumoto, M.; Asamura, H.; Nagai, K.; Tada, H.; Mitsudomi, T.; Tsuboi, M.; Shibata, T.; et al.
A prospective radiological study of thin-section computed tomography to predict pathological noninvasiveness in peripheral
clinical IA lung cancer (Japan Clinical Oncology Group. 0201). J. Thorac. Oncol. 2011, 6, 751-756. [CrossRef]

Schmidt-Hansen, M.; Baldwin, D.R.; Hasler, E.; Zamora, ]J.; Abraira, V.; Roqué, I.; Figuls, M. PET-CT for assessing mediastinal
lymph node involvement in patients with suspected resectable non-small cell lung cancer. Cochrane Database Syst. Rev. 2014, 2014,
CD009519. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jtcvs.2023.07.008
https://doi.org/10.1016/S0140-6736(21)02333-3
https://doi.org/10.21037/atm.2018.11.65
https://doi.org/10.1016/j.xjtc.2021.11.019
https://doi.org/10.1093/ejcts/ezac541
https://doi.org/10.21037/jtd.2016.09.47
https://doi.org/10.21037/jovs.2017.09.08
https://doi.org/10.1016/j.athoracsur.2013.09.041
https://www.ncbi.nlm.nih.gov/pubmed/24315138
https://doi.org/10.1259/bjr.20170692
https://www.ncbi.nlm.nih.gov/pubmed/29172683
https://doi.org/10.5761/atcs.oa.15-00018
https://www.ncbi.nlm.nih.gov/pubmed/26004116
https://doi.org/10.1016/S0022-5223(03)00821-3
https://www.ncbi.nlm.nih.gov/pubmed/14566279
https://doi.org/10.21037/jtd.2017.03.18
https://doi.org/10.21037/jtd-21-223
https://doi.org/10.7150/jca.8395
https://doi.org/10.1016/j.athoracsur.2022.11.040
https://doi.org/10.1097/JTO.0b013e31821038ab
https://doi.org/10.1002/14651858.CD009519.pub2

	Introduction 
	Materials and Methods 
	Eligibility 
	Patients 
	Virtual Bronchoscopic Navigation 
	Bronchoscopic Metallic Coil Marking Procedure 
	VATS Resection Technique 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

